We thank Dr Montanari for the thorough review of the manuscript, and the encouraging comments and suggestions for its improvement.
The paper uses the Hurst exponent as a measure of correlation. The idea is very interesting, but probably needs to be supported by some considerations on the physics of the underlying process. The use of the Hurst exponent implies the assumption that the underlying process is affected by long-term persistence (or long memory) which is not always present in river flows. Therefore, one may argue that the proposed metric is not efficient if long memory is not present in the original (not human impacted) process. To put the question in other words: the reader may wonder why the assumptions of long term persistent process was introduced for the unimpacted process (therefore using the H exponent as a measure of urbanization) instead of assuming that the original process is Markovian (therefore using, say, the lag-1 autocorrelation coefficient to measure urbanisation). I am not against using the H exponent as a metric for measuring urbanisation, but I think a discussion should be provided for its validity if long memory was not present in the underlying process. This discussion should take into account that long memory is an asymptotic behaviour and can therefore be reliably measured only if long time series are available. When dealing with short series, estimation of the Hurst exponent is affected by large uncertainty and impacted by the presence of short memory (Markovian memory, which vanishes for increasing lags). Conversely, estimation of the lag-1 autocorrelation is affected by much less uncertainty. Some of the series considered in this paper are very long, others may be too short for allowing a reliable estimation of the Hurst exponent. As a rule of thumbs, one may consider that it's difficult to identify long memory properties when the time series is not extended over several decades. Variability of the process, and the possible superimposition of a Markovian process over the long memory one, matter to determine uncertainty in long memory estimation.
We thank Dr Montanari for raising these points. Accordingly, some modifications were made to the manuscript: -The title was slightly changed and the term 'persistence' is now adopted instead of 'memory', which might be misleading. The term memory throughout the manuscript was also changed into persistence.
-Although it is true the long-term persistence of non-urbanized catchments was taken as an assumption, this assumption appears to be correct in the case of the catchments that we analyzed. We made this clearer in the text, by adding at page 2 of the annotated manuscript (lines 33-35):
"The assumption that catchments with lower degrees of urbanization present long-term persistence needs also to be validated across a spectrum of catchments."
-We calculated the lag-1 autocorrelation coefficients of the de-seasonalized series of our catchments and show this in Figures 1 and 3 . Text was added accordingly in different parts of the manuscript (refer to annotated manuscript).
Page 5, line15: "Given the uncertainty in the estimation of H, especially when streamflow series are shorter than twenty years, the Pearson autocorrelation function of the series was calculated and the autocorrelation coefficient at 1-day delay (i.e., lag-1 Pearson autocorrelation) was selected as a metric characterizing the persistence of the series. The values of the lag-1 autocorrelation coefficient where then related to levels of catchment imperviousness as done for the H exponent."
Page 6, line 28: "The lag-1 autocorrelation coefficient follows a pattern similar to H for the Australian catchments, but the relationship between the lag-1 autocorrelation coefficient and imperviousness is not as evident for the catchments in the USA (Figure 1 ). The US catchments can be quite flashy, and this may be a reason why the lag-1 autocorrelation is low irrespectively of the level of imperviousness."
Page 7, line 20: "A similar classification would result from the lag-1 autocorrelation coefficient for the Australian catchments, while the lag-1 autocorrelation would not show any visible difference in the US catchments.
Because other variables and catchment attributes can affect the value of H, the estimated H exponents and lag-1 autocorrelation coefficients were also related to the catchment area and catchment wetness.
The differences in lag-1 autocorrelation coefficients between US and Australian catchments shown in Figure 1 make it difficult to identify a general pattern in relation to other variables ( Figure 3 )."
I have a few minor remarks that the authors may consider when revising the paper. We have corrected this statement in the revised manuscript. The phrase now reads (page 2 of the annotated manuscript, line 23):
"The Hurst exponent tends to 0.5 when an aggregated signal converges to white noise, while values larger than 0.5, as commonly found for streamflow series, are associated with persistent processes (e.g., Serinaldi, 2010 With similar data used for another study, we have tried different deseasonalisation procedures, such as ensemble empirical mode decomposition (EEMD), which allows smoothing the variability. We found that this only had a marginal effect on the results. Moreover, the day-to-day variability in urban streams might be related to the imperviousness of the catchment, and smoothing the series might artificially remove differences between catchments with different levels of urbanization. Thus, we think the approach we used to approximately remove the seasonal cycles is reasonable. We modified the text to avoid misunderstanding on the values of H>1. At page 6 of the annotated manuscript (line 15), we now write: "The values of H obtained using R/S analysis were between about 0.6 to around 0.9, while the MF-DFA analysis resulted in slightly higher values, with H larger than 0.65 ( Figure 1) ; MF-DFA can give estimates slightly higher than 1 due to uncertainties in the estimation of the parameter H (Serinaldi, 2010)."
At page 7 (line 6), we now write: "Catchments with less than 5% impervious areas have larger values of H (0.75<H using R/S and 0.9<H using MF-DFA),…". Kim et al (2015) . Figure 3 in Jovanovic et al (2017) (Niyogi et al., 2017; Sheng et al., 20??) 
. Thus, the rainfall H values might be different for the urban, peri-urban and rural areas.
We thank Dr Rao and Mr Bertassello for reviewing our manuscript and providing useful comments.
In their review, they focused more on rainfall and the role of rainfall statistics in relation to urbanization. In highly urbanised catchments, rainfall is rapidly transferred to streams, thereby suggesting that the H-exponents of rainfall and streamflow time series should have values close to each other. Conversely, the ability of more natural catchments to store and lose water while slowly releasing it to streams should introduce a longer memory on the streamflow time series when compared to rainfall. This is in agreement with the results already presented in Jovanovic et al. (2016) , who used the same US catchments of the present study to show that the scaling properties of quickflow in these station were similar to those of some rainfall stations in the same area. We have added at page 8 of the annotated manuscript (line 6):
"The links between rainfall and streamflow persistence have been explored by Jovanovic et al. (2016) for the USA catchments; they showed that the scaling properties of quickflow in the USA stations were similar to those of some rainfall stations in the same area."
In the present study, we cannot provide a full analysis of rainfall and streamflow statistics, because we do not have enough rainfall stations in the USA (in addition to those already used in Jovanovic et al. (2016)) and Australia to compare with the streamflow stations. Furthermore, the main focus of our technical note is to show that catchments can be classified in different categories of urbanization levels solely by using the H-exponent of streamflow series. This exponent can be estimated using well-established methods from streamflow series, which are becoming increasingly available from water management agencies. We used streamflow series from the USA and Australia to show that a relationship between the H-exponent of streamflow series and the fraction of catchment impervious area could be found in parts of the world with different climatic conditions.
We have added at the end of the conclusion (page 8 of the annotated manuscript, line 36):
"With the increasing availability of streamflow and rainfall data from water management agencies, it should be possible to relate the scaling properties of rainfall and streamflow as well as detecting the effect of urbanization on rainfall patterns around cities. This was not possible using the data of this study because of the lack of rainfall stations corresponding to the flow stations and the availability of series too short to detect changes in rainfall patterns."
Reviewer #3 -P. Dimitriadis We thank Dr Dimitriadis for the overall positive opinion of our work and the insightful suggestions.
General comments

1) The basic idea of linking catchment urbanization to the long-term alteration of stream flows is based on the assumption that both are well (and independently) quantified. However, the urbanization is quantified through the catchment imperviousness which is certainly an effect of urbanization but not exclusively, and thus, it may be useful to include additional metrics for the classification of the catchments (e.g. land-use). If (after including other metrics) the classification presented by the Authors still stands then this could be an additional finding of the paper, i.e. that urbanization can be well classified just by using the imperviousness metric.
The imperviousness of the catchment is calculated based on the land use. We have added at page 6 of the annotated manuscript (line 3):
"For the US catchments, information about impervious data can be found in Mejia et al. (2015) . Imperviousness was calculated using a combination of tax map information and areal imagery. In terms of land use, pervious land is mainly agricultural and urban green spaces, including lawns, parks and other grassed areas. Riparian corridors, if present, are likely to be forested. The majority of imperviousness consist of residential, commercial and transportation land use areas. For the Australian catchments, the percentage of impervious area were taken from Hamel et al. (2015) and were calculated using the methods in Kunapo et al. (2005) . Buildings and paved areas (i.e., roads and carparks) were mapped using a geographical information system software, and the percentage of impervious areas, U, was calculated as the ratio between total impervious area and catchment area. The land use of the catchments with larger U is residential, while those with low U are mostly covered by natural forests."
An additional possible limitation of just using the imperviousness metric for the urbanization classification, is that there may be catchments that have a small imperviousness metric (and thus, they must have been classified here as natural or peri-urban) but may include upstream civil works (such as dams) which certainly have an effect on the Hurst parameter and in particular, these upstream constructions are expected to cause a large drop of H close to 0.5 (since the release of water in the river would be no longer entirely dependent to the rainfall-runoff natural process). It may be useful for the Authors to check whether such large-scale civil works exist upstream of the stream flow stations, and if this is the case, consider adding a discussion (or even introduce a new classification for them).
We were aware of this issue, and thus the catchments selected were not affected by large civil works such as dams. We added at page 5 of the annotated manuscript (line 27):
"The streamflow series were not affected by large structures, such as dams and reservoirs, and flow in most catchments was driven by climatic conditions and catchment characteristics. Large areas of some of the catchments in the USA are agricultural land; with the exception of Lang Lang River, which is partly used for agriculture, the catchments with no degrees of impervious areas in Australia are completely forested."
Finally, since both imperviousness and streamflow H are affected by urbanization in various ways (and so, a direct comparison between them may not be always illustrative of the urbanization level), the Authors may consider to additionally estimate the H of precipitation at the examined locations of the streamflow stations or to nearby stations within the catchment. If the decreasing level of streamflow H to imperviousness is repeated for the precipitation H (as shown in Figure 1 of the paper), then this will strengthen the robustness of the analysis (based also on the results of Jovanovic et al., 2016 mentioned in the paper). An investigation of the precipitation over the examined catchments is also suggested by a Referee of this paper.
This point was already touched upon by Jovanovic et al. (2016) . We have added at page 8 of the annotated manuscript (line 6):
We have also added at the end of the conclusion (page 8 of the annotated manuscript, line 36):
2 We thank the Reviewer for this comment. We modified the conclusions to include more clarifications on these points. We have added in the conclusion (page 8 of the annotated manuscript, line 30):
"A downside of the method is that the estimation of the H exponent requires long time series (at least between 15 to 20 years; e.g., Koutsoyiannis (2013), Dimitriadis and Koutsoyiannis (2015)); the method is thus not usable to determine the benefit of restoration activities on the short term. Additionally, the analyses presented here did not use any adjustment to correct for bias in the estimation of the Hurst exponent; this adjustment would in general lead to higher values of estimated H (H<1)."
The above comment on bias is also mentioned from another Referee of this paper.
Also, this Referee suggests using the lag-1 autocorrelation coefficient instead of the H parameter. This could be easily done by the Authors if they decide to follow this suggestion and then, they could see how the lag-1 coefficient is linked to the Hurst parameter (normally higher coefficients will correspond to higher H) they have already estimated. I believe this could strengthen the robustness of the analysis even more (but again I believe the effect of bias to the lag-1 coefficient should again be mentioned).
We added the lag-1 autocorrelation coefficient to the analysis as shown in Figures 1 and 3 .
An additional issue worth of discussing is the estimations of H > 1. The Hurst parameter corresponds to the large lag (or scale) behaviour of an ergodic (and thus, stationary) process (Koutsoyiannis and Montanari, 2015) like for example the fractional Gaussian noise, and can be easily quantified (without adjusting for bias) through the log-log slope of e.g. the autocorrelation function. Therefore, an H > 1, corresponds to an increasing autocorrelation function with lag, which comes into contradiction with the originally assumption of ergodicity. As already mentioned by another Referee of this paper, I also believe the H > 1 estimated values in the paper are due to sampling errors and not to non-stationarity (which as explained above the latter conclusion leads to a contradiction).
We agree with Dr Dimitriadis. We have now modified the text accordingly. The first phrase of the results (page 6 of the annotated manuscript, line 15) now reads:
"The values of H obtained using R/S analysis were between about 0.6 to around 0.9, while the MF-DFA analysis resulted in slightly higher values, with H larger than 0.65 ( Figure 1) ; MF-DFA can give estimates slightly higher than 1 (Serinaldi, 2010) due to uncertainties in the estimation of the parameter H." Markonis et al., 2016; Tyralis et al., 2017) .
In the Abstract, it is mentioned that '…the relationship between this exponent and level of urbanisation needs to be further examined and verified on catchments with different levels of imperviousness and from different climatic regions
We have added at page 5 of the annotated manuscript (line 36):
"According to the Koppen-Geiger classification, the climate of the US and Australian catchments is classified as Cfa and Cfb respectively." O'Driscoll et al. (2010 ), Miller et al. (2014 , and references therein.
Following this suggestion, we added a reference to O'Driscoll et al. (2010) , who provide a general overview of the effect of urbanization of streamflow. Miller et al. (2014) appears to be more a case study and we prefer not to add it; we added Fletcher et al. (2013) , which is a more general review.
Considering that this is a technical note, we believe that the background provided in our introduction is enough to direct readers to the literature required to put the study in the appropriate context.
2) In my opinion, the equations in section 2.1 describing the two methods should be placed in an Appendix.
Because this is a technical note, we would prefer to avoid the use of an Appendix and leave the brief description of the methods in the main text. de-seasonalization (e.g. Dimitriadis and Koutsoyiannis, 2015b) , where each cycle is modeled through a time varying parameter of the distribution function (which may not be necessarily Gaussian).
We added "approximately removed". We tried in the past, for another study, using a more complex method to remove seasonal cycles, namely ensemble empirical mode decomposition (EEMD), and found that it only had a marginal effect on the results. Also, a similar conclusion was found before using MF-DFA (see, Livina et al. 2011, Chapter 13 Ranges of annual precipitation and temperatures were already provided. The climate classification has been added in the revised manuscript. At page 5 of the annotated manuscript (line 36), we write:
"According to the Koppen-Geiger classification, the climate of the US and Australian catchments is classified as Cfa and Cfb respectively."
5) Ln. 176: how is imperviousness U parameter mathematically defined (for example does it take into account the land-use). I think that it would be easier for the Readers to understand the proposed analysis if a mathematical expression of this parameter is included.
A more detailed description of the calculation of U is provided at the end of Section 2.2 (page 6 of the annotated manuscript, line 3). This reads:
"For the US catchments, information about impervious data can be found in Mejia et al. (2015) . Imperviousness was calculated using a combination of tax map information and areal imagery. In terms of land use, pervious land is mainly agricultural and urban green spaces, including lawns, parks and other grassed areas. Riparian corridors, if present, are likely to be forested. The majority of imperviousness consist of residential, commercial and transportation land use areas. For the Australian catchments, the percentage of impervious area were taken from Hamel et al. (2015) and were calculated using the methods in Kunapo et al. (2005) . Buildings and paved areas (i.e., roads and carparks) were mapped using a geographical information system software, and the percentage of impervious areas, U, was calculated as the ratio between total impervious area and catchment area. The land use of the catchments with larger U is residential, while those with low U are mostly covered by natural forests." Figure 1 please add somewhere in the legend the process name, i.e. 'streamflows'.
6) In
In the caption of the figures we now specified that the H-exponent refer to the streamflow series. The figure has been revised to add the lag-1 autocorrelation coefficient. We slightly modified the phrase in (page 7 of the annotated manuscript, line 11):
"Therefore, Figure 1 suggests that the analysed catchments might be classified as natural (U5%), peri-urban (5%<U15%), and urban (U>15%) catchments based on the corresponding range of values of H." 8) To clarify this point, we re-wrote the text at page 7 of the annotated manuscript (line 32), which now reads:
"These conflicting results may be due to the smaller size of the catchments used here compared to those in literature. For example, the size of the largest catchment used in this analysis (see Table 1 ) is comparable to the smallest of the catchments used by Szolgayova et al. (2014) . The groundwater storage appears to be able to affect the persistence of the series of the less urbanized catchments irrespectively of the area. However, small urbanized catchments may not have sufficient water storage to influence the long-term dependence in flow time series, and an increase in imperviousness further limits the water storage capacity of the urban catchments. This may contribute to the lack of apparent relationship between the H exponent and the catchment size." 
Done.
I hope the Authors would find some of the above comments useful to their analysis.
We thank again Dr Dimitriadis for the thorough review and the suggestions, which have improved the manuscript.
